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Synthesis through trans-disciplinarity
Hanne Tine Ring Hansen
When looking up the word ‘synthesis’ in a dictionary, one 
comes across the following definition: “The combining of 
separate elements or substances to form a coherent whole.”1 
Based on this definition one could argue that all great ar-
chitecture is achieved through synthesis in one way or an-
other, and that architects are general regarded as the person 
responsible for synthesising the different architectural ele-
ments that influence spatial and haptic perception. 
An exemplar of this is Peter Zumthor’s thermal baths in Vals, 
Switzerland, where synthesis between spatiality and tactility, 
materials and colours, architecture and landscape provides 
a great architectural experience. Another is Jörn Utzon’s 
church in Bagsvaerd, Denmark, where the treatment of con-
struction, acoustics and daylight ingeniously fuses with the 
church’s function and architectural expression, once again 
offering a unique architectural experience.
 
In relation to ‘environmentally sustainable’ architecture 
the importance of synthesis becomes even more apparent, 
however, as the success of the design depends on how, and 
if, a synthesis is achieved between technology and architec-
tural design.2 This understanding has led me to consider how 
synthesis is a requirement for creating successful ‘environ-
mentally sustainable’ architecture through the application 
of trans-disciplinarity, which leads to an increased aware-
ness of the differences in decision-making as well as that of 
communication barriers between the different professions. 
These parameters play a fundamental role in relation to the 
achievement of synthesis in a world where professions merge 
and new hybrid professions and educations emerge.
Environmentally sustainable architecture
Sustainability is an ambiguous term whose definition changes 
according to the persons applying it and the context in which it 
is applied. For instance, sustainability in relation to construc-
tion or economics has a completely different meaning than 
the definition expressed in the proceedings of the Bundtland 
Commission, 1987. Entitled Our Common Future, the commis-
sion provided ‘a global agenda for change’3 outlining strategic 
improvements on environmental conditions worldwide. As de-
fined in the report, “sustainable development seeks to meet 
the needs and aspirations of the present without compromis-
ing the ability to meet those of the future.”4  
The term ‘environmental sustainability’ as applied here re-
lates to environmental design, where ‘environmental’ means 
the relationship between the indoor and the outdoor environ-
ments. Thus the term ‘environmentally sustainable’ architec-
ture can then be used to describe designs that meet the needs 
of today without sacrificing the ability of future generations, 
whilst considering the relationship between indoors and out-
doors. These parameters include visual, psychological and 
physiological comfort, energy consumption, life-cycle profile 
and human toxicity of the construction materials utilised, the 
building’s impact on nature and so on.
The understanding is that environmentally sustainable archi-
tecture need not necessarily have a specific architectural ex-
pression, but that environmentally sustainable considerations 
should, ideally, be a natural part of all architecture. It is, 
however, open to debate whether or not these considerations 
will put limitations on the artistic freedom, leading to a spe-
cific kind of architectural expression.
a
a. Thermal baths in 
Vals, Switzerland, by 
Peter Zumthor. Image 
courtesy of Marcus 
Trimble.
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The Design Process
Most construction projects are conventionally divided into 
these sequential phases:
Briefing     Concept      Detailing      Contracting/Tenure       
Construction      Maintenance and Refurbishment
 
Traditionally the architect, acting as designer, is the client’s 
adviser throughout the project, and the engineers or the vari-
ous technically responsible consultants, come in very late in 
the process in the detailing phase, when the majority of the 
design decisions have already been made. This means that the 
chances of applying calculations as a decision-making tool are 
few and a design synthesis becomes harder to attain. When 
the project reaches the contracting/tenure and the succeed-
ing phases the main responsibility for realising the project 
is taken over by a contractor, but the designer remains the 
client’s adviser. 
Research in the fields of sustainable (also labelled environ-
mental, green, ecological, low-energy etc.) architecture in-
dicates that the success of an environmental project relies on 
how early environmental considerations are implemented in 
the decision-making process.5 This procures a need for a new 
way of viewing the architectural design process, whereby en-
vironmental considerations and the requisite technical tools 
are applied earlier in the decision-making process.  
A Trans-disciplinary Approach
Many successful companies in the field of environmentally 
sustainable construction have what they call a multi-disci-
plinary approach, but if we are to achieve architectural syn-
thesis and innovation we should go a step further and apply 
what is termed a trans-disciplinary approach.
The difference between multi-disciplinarity and trans-disci-
plinarity can be explained in the following way:
In a multi-disciplinary process the people involved in the pro-
cess work side by side on different areas of expertise from 
early on in the design process, thus ensuring the involvement 
of the necessary competencies in all stages of the process. 
In a trans-disciplinary design process the parties are also in-
volved early on, but in this case they work together on the 
different aspects of the process, enabling new ‘hybrid’ com-
petencies and innovation in the design process. 
→ →  → →
→
b
b. Church in Bagsvaerd, 
Denmark by Jörn Ut-
zon. Image courtesy of 
Peter Guthrie.
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A simple example will suffice. The architect’s view that con-
ventional types of natural ventilation would compromise the 
design’s aesthetic expression might lead to a novel way of 
solving the ventilation which the engineer did not think of. 
This development will benefit both parties; the resultant de-
sign will correspond with the architect’s vision and the en-
gineer develops an alternative way of ventilating a building 
that he might use in future. As a result, the process becomes 
more inter-disciplinary; it is no longer possible to differen-
tiate the engineering requirements from the architectural 
expression of the building and the two aspects become fused 
in the design process. 
The outset of a trans-disciplinary approach is involvement of 
all parties of the design team from the briefing stage onwards 
in order to reach consensus about the goals and solutions in 
the project with respect to differing scientific approaches 
and concerns. For this to work, it is important to acknowl-
edge differences in the way the various professions approach 
the assignment of designing architecture and that those dif-
ferences call for alternative types of decision-making. 
As lead designer, architects frequently make qualitative 
judgments combined with quantitative values. Architects 
thus rely on a lot of non-measurable and often unverifiable 
data when making design decisions. In contrast, engineers 
primarily base decisions on quantitative data obtained in cal-
culations, it can therefore be hard for an engineer to accept 
arguments based solely on qualitative values when trying to 
reach consensus with the architect. Engineers are, however, 
not necessarily novices to qualitative decision-making them-
selves. They too, often have to apply qualitative values when 
setting up an experiment or calculation and when assessing 
the resulting data. 
It is therefore essential that all parties, who subscribe to 
dissimilar value systems, recognise and respect these differ-
ences, as they often form potential barriers of communica-
tion. In spite of this, these very differences also contain the 
possible generator of innovation.  
The basic setup of a trans-disciplinary approach has now been 
established: all parties collaborating in an integrated man-
ner throughout the entire project. It is also agreed that con-
sensus and mutual respect is essential to the success of this 
cooperation. Given this, we can now consider how to struc-
ture the design process so as to enable early implementa-
tion of environmental considerations, as well as employing 
rough, sketch-like calculations as a decision-making tool that 
encourages innovation. Although research and practice over 
the last decades have resulted in a number of publications 
and exemplary projects, we still have a long way to go before 
reaching a stage where environmental considerations and so-
lutions become a natural part of the design process. There is 
nevertheless evidence pointing towards the positive effects 
of a trans-disciplinary approach. 
Integrated Design 
Associate Professor Mary-Ann Knudstrup from the Department 
of Architecture and Design at Aalborg University, Denmark 
developed a methodical trans-disciplinary approach entitled 
‘The Integrated Design Process’ in connection with the devel-
opment of a new type of engineering education specialised 
in architecture.6  Initiated in 1997, the education mixes the 
skills of building engineering and architecture, specifically 
emphasising the synthetic integration between the different 
disciplines. This methodical approach focuses on the phases 
leading up to the detail design of the project, considered to 
be the crucial phases of an environmental design approach. 
The various phases highlighted in the Integrated Design Pro-
cess and possible iterations between them are: 
Besides integrating engineering and architectural tools early 
on in the process, the approach focuses on the fundamental 
importance of analyses for the sketching and achievement of 
architectural synthesis. The approach also elaborates on the 
briefing and conceptual stages, where tools which belonged 
to the detailing phase of are brought into the analysis, sketch-
ing and synthesis phases and considered as supplements for 
decision-making and idea generation. 
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Selective Design
Another reflection on the requirements for a rethinking of the 
design process for sustainable architecture can be found in 
The Selective Environment – An approach to environmentally 
responsive architecture by Hawkes, McDonald and Steemers. 
Here, the authors present the idea of a selective approach as 
well as a design checklist of things to consider from early on 
in the design process. 
Selective design is defined in the following way: “Selective 
design, as opposed to exclusive design, aims to exploit the 
climatic conditions to maintain comfort, minimising the need 
for artificial control reliant on the consumption of energy. 
This manipulation of climate, to filter selectively positive 
characteristics of the environment, is achieved through ar-
chitecture.”7
Besides delineating in detail the design process for a ‘selec-
tive’ building,8 the publication also provides a design check-
list contains the following parameters: site analysis, building 
form, courts and atria, site planning, building use, building 
fabric, daylighting, passive solar gains, natural ventilation, 
overheating and comfort, artificial lighting, heating and ser-
vices.9 These guidelines indicate that this approach again 
bring forward considerations traditionally belonging to the 
latter phases of a project to be integrated with a design phi-
losophy that emphasises environmental sustainability.
Towards Trans-disciplinarity: the tools for synthesis
This discussion clarifies the importance of an integrated, 
process-oriented approach to the design of ‘environmentally 
sustainable’ architecture that incorporates considerations 
traditionally belonging to the engineering fields early on 
in the design process. By providing examples of how tools 
such as calculations, visualisations or simulations from the 
related engineering fields can be integrated in an innovative 
way, both approaches discussed can serve as an inspiration 
for people working in fields beyond that of environmentally 
sustainable architecture. 
The order in which the tools are applied can however, only 
partially help the integration. Another crucial element is the 
capabilities of the chosen digital and analogue tools them-
selves. These tools should enable the integration of the en-
gineering considerations early on in the project. The key is 
that they can be applied in a sketchy manner to provide some 
insights into which architectural elements have the biggest 
influence on for instance the energy consumption, thermal 
comfort or other important criteria specific to the project. 
The success of the tools rests on their capacity to incorporate 
engineering considerations and calculations in a sketchy way, 
guiding the project in the right direction without restricting 
the potential for architectural expression. Together with the 
continual advancement and technical improvements of these 
tools, applying the notion of trans-disciplinarity as explored 
by the integrated and selective design processes will arguably 
lead to projects that both technically respond to environmen-
tal issues in a sustainable way as well as allowing a naturally 
evolving design aesthetic, and thereby enabling genuine ar-
chitectural synthesis.
c
c. Cover image from 
The Selective Environ-
ment. Image courtesy 
of Dean Hawkes.
